Introduction: Idiopathic toe walking, a differential diagnosis for neurological and orthopaedic disorders, has been associated with neurodevelopmental alterations. Neurodevelopmental assessment at early ages using specific tests may improve management and follow-up of these patients. The aim of our study is to analyse the neurodevelopmental characteristics of preschool idiopathic toe-walkers (ITW) by comparing them to a control group.
Introduction
Children who display a symmetrical toe-toe gait pattern from the time they start walking are called toe walkers. [1] [2] [3] [4] [5] [6] These children may, however, achieve initial heel strike when asked to do so or when they concentrate on gait. [6] [7] [8] Idiopathic toe walking seems to be voluntarily modifiable when there is no significant retraction of the gastrocnemius-soleus complex. Retraction is affected by emotional and cognitive factors. 6, 7, 9, 10 Although a diagnosis of idiopathic toe walking is currently considered to rule out neurological and orthopaedic disorders, 2, 4, 6, 11 this condition has been associated with alterations in different areas of child development in several studies. 3, 5, 6, 9, 12, 13 Furthermore, idiopathic toe walking has also been associated with different complications occurring during pregnancy, delivery, and the postpartum period 2, 4, 14 and 10% to 88% of cases have a family history of the condition. This suggests central nervous system (CNS) involvement. 15, 16 Therefore, presence of toe walking points to the need for a thorough assessment of neurodevelopmental disorders. 1, 2, [17] [18] [19] The unique features of toe walkers have led researchers to consider idiopathic toe walking as a syndrome, given that it reflects delayed neuromotor acquisition and maturation aggravated by secondary retraction of the triceps surae. 17 Following this line of reasoning, several researchers have hypothesised that idiopathic toe walking is a motor expression of minimal cerebral dysfunction (MCD). 2, 5, 6 Some studies including series of toe walkers have detected alterations in motor control, visual perception, spatial perception, and language. 2, 18, 19 Accardo et al. 19 evaluated 163 children attending an ambulatory paediatric clinic and found lower language quotients in toe walkers than in children with normal gait patterns, especially in the group of preschool children. Likewise, Shulman et al. 2 reported a high frequency of attention deficits, hypo-and hyperactivity, articulation and language organisation errors, deficits in fine and gross motor control, and visuomotor problems in a series of 13 toe walkers. In 2010, Williams et al. 15 suggested that toe walking was associated with sensory processing dysfunction, defined as an alteration in ''the neurological process that organises sensation from one's own body and from the environment and makes it possible to use the body effectively within the environment''. In a subsequent study by the same authors, including children aged 4-8, toe walkers displayed lower sensory integration coefficients and poorer performance on the Bruininks-Oseretsky Test of Motor Proficiency. 20 Given the lack of studies on idiopathic toe walking in Spanish populations, and considering that early assessment of developmental characteristics in toe walkers may optimise toe walking assessment, follow-up, and treatment, we decided to use a test specifically developed in Spain to evaluate the presence of difficulties typically displayed by toe walkers at early ages. The purpose of our study is to analyse the neurodevelopmental characteristics of preschool toe walkers and compare them to a control group.
Patients and methods
Our cross-sectional descriptive study was approved by the clinical research ethics committee of the School of Nursing, Physiotherapy, and Podology at Universidad Complutense de Madrid (register number F[EFP]-001/2010). The study was publicised and its characteristics explained in simple language. We included children aged 3-6 who attended the physiotherapy unit at the podology clinic of Universidad Complutense de Madrid between February and July 2010.
After parents signed informed consent forms, we gathered the medical histories of all children and performed a clinical assessment to select the sample. We then included all children aged between 36 and 83 months who were able to cooperate with the assessment protocol. Exclusion criteria were as follows: neurological lesions; genetic syndromes; psychiatric alterations; developmental disorders; congenital or acquired locomotor system disorders; equinus foot secondary to surgery, trauma, or viral infection; unilateral gait alterations; having received or being under treatment for toe walking at the time of inclusion; and any alterations that may prevent children from understanding visual or verbal instructions or advise against inclusion in the study.
We finally selected 96 of the 151 children evaluated during the study period. In the second stage, participants were classified as either toe walkers or controls. The toe walking group included those children who had previously been diagnosed with toe walking by a paediatrician, traumatologist, or neurologist, and who displayed a preference for toe walking. The control group included those children spontaneously attaining a heel-toe gait. Our sample included 56 toe walkers and 40 controls (Fig. 1) . Most of the participants were boys.
We interviewed the participants' parents or guardians to gather data about age, sex, potential risk factors for toe walking, neurodevelopmental milestones, and most frequent clinical manifestations 4, [11] [12] [13] [14] 21 :
- Figure 1 Sample selection process. TW: toe walking.
-Age when children achieved bowel and bladder control (daytime and night-time), started crawling and walking, and uttered their first words. -Crawling: we recorded whether the child had crawled at any time during development and gathered data on crawling patterns. -Use of baby walkers or any other devices facilitating walking during the early stages. -Clumsiness, parents' perception that their child fell frequently or was clumsy or uncoordinated compared to his or her peers; frequency of out-of-school physical exercise.
Neurodevelopment was assessed with the CUMANIN questionnaire (Cuestionario de Madurez Neuropsicológica Infantil), a screening tool validated in Spain which evaluates different areas of a child's neurological maturation considering his or her chronological age, providing comprehensive information of a child's development (cognition, perception, motor function, language, and laterality). [22] [23] [24] [25] This test has been validated in several countries [26] [27] [28] and has been proven useful in evaluating development in children with and without developmental alterations. [29] [30] [31] [32] [33] [34] [35] Children were assessed in a quiet, spacious room equipped with all materials necessary for the assessment. Tests were conducted in strict order, following the instructions for each test and adhering to the criteria for correcting test responses included in the questionnaire itself. 22 Each of the tests were presented as a challenge to evaluate the children's abilities and limitations in completing increasingly complex tasks, that is, their voluntary adaptive behaviour. 36 We administered the tests corresponding to each of the 8 main scales (psychomotor function; articulatory, expressive, and comprehensive language; spatial structuring; visual perception; memory; and rhythm), as well as 2 supplementary tests (verbal fluency and attention); results were expressed as percentiles. Furthermore, we estimated overall verbal development (based on the scales assessing language articulation, expression, and comprehension) and non-verbal development (scales assessing psychomotor function, spatial structuring, visual perception, memory, and rhythm), as well as overall development (combined raw scores on the Figure 2 Circumstances of delivery. TW: toe walkers (P = .538).
8 main scales). We also recorded the hand or foot used by each child to evaluate visual, manual, and foot laterality, and homogeneity or heterogeneity in hand/foot use. 22 After tests were corrected, results were discussed with parents; all parents received a report of their child's test results.
Statistical analysis was conducted using SPSS version 19.0 for Windows. The first analysis addressed the characteristics and regularity of the data set; qualitative variables were expressed as frequencies and quantitative variables as means ± SD. Groups were compared using the t test for quantitative variables and the chi-squared test for qualitative variables. Statistical significance was set at P < .05 for 95% confidence intervals.
Results
Mean age in our sample was 54.7 ± 12.165 months in the toe walking group and 56.55 ± 14.229 months in the control group. No statistically significant differences were found between groups (P = .495). Boys accounted for 69.6% of toe walkers and 57.7% of controls; there were significantly more boys among toe walkers (P = .008).
Regarding the initial interview on potential risk factors for toe walking, the only significant intergroup differences were found in family history of toe walking and presence of biological risk factors during the postpartum period (Table 1) . We also analysed the circumstances of delivery. Although no statistically significant differences were found between toe walkers and controls, we observed a high frequency of caesarean deliveries and other risk factors associated with delivery in both groups (Fig. 2) . Furthermore, we queried parents about the way in which their children started to move around. Although crawling was the most frequent form of locomotion in both groups, dragging and bottom scooting were found in 11.1% and 4.4% of toe walkers, respectively, with no statistically significant differences between groups (P = .432). The percentage of parents or guardians who perceived motor difficulties in their children was significantly higher in the toe-walking group (59%) than in the control group (28%; P = .009). Only 7.1% of the toe walkers did no physical exercise out of school; no significant intergroup differences were found (P = .088).
CUMANIN tests demonstrated statistically significant differences between toe walkers and controls in the scales assessing psychomotor function and memory, and in verbal, non-verbal, and overall development, with toe walkers scoring lower than controls (Tables 2 and 3 ). Regarding visual, manual, and foot laterality, statistically significant intergroup differences were found only in foot laterality (Fig. 3) . As for ocular and manual dominance, 59.6% (n = 33) of toe walkers displayed right-eye dominance (P = .057) and 92.6% (n = 52) showed a preference for the right hand (P = .342), with no significant intergroup differences.
Discussion
Our study included a large sample of paediatric patients (56 toe walkers and 40 controls, Fig. 1 ), considering the limited age range of the sample and the prevalence of idiopathic toe walking. 15, 19, 37 The minimum age for participation in our study was set at 3 years: at this age, toe walking may begin to be considered abnormal, leading to recommendations for medical assessment. 3, 38 We recruited children of up to 6 years of age, since we aimed to detect alterations at early ages which may be associated with poor school performance. 25, 39 These strict exclusion criteria ensured that the toe walkers included in our study had no developmental alterations that may explain specific neurodevelopmental features. Some reasons for exclusion were pes planovalgus, in-toeing gait, and such neurodevelopmental alterations as intrauterine growth restriction or cognitive alterations.
Interviewing parents or guardians was useful not only for identifying toe walkers and confirming that the included patients did not meet the exclusion criteria, but also for gathering the patients' medical histories and recording data on associated risk factors, neurodevelopmental milestones, and the most relevant clinical manifestations. 2, 21, 37, 40 Interviews were also helpful in providing parents with information about their children. 2, 4, 5, [11] [12] [13] [14] 21 Regarding the characteristics of our sample, both groups had similar mean ages. Although there were significantly more boys in the toe walking group (P = .008), both groups included more boys than girls; the percentage of boys in our study is in line with the literature (50% to 80%). 4, 9, [12] [13] [14] The clinical interview gathered data on risk factors for toe walking. One such factor is a family history of toe walking (Table 1) , which was present in 17% of toe walkers in our sample (P = .000), a low percentage compared to the rates reported by other authors (30% to 60%). 4, [11] [12] [13] [14] 21 The great variability of these rates may reflect the impact of a combination of genetic and environmental factors contributing to this syndrome of the CNS. 16 Biological risk factors presenting during the postpartum period, which have been addressed by several authors and may be potential markers of previous CNS damage, 2, 4 were found in 11.3% of toe walkers and in none of the controls (P = .032). Unlike the data reported by other authors, 14 our study found no association between low or very low birth weight and idiopathic toe walking (P = .057). No significant intergroup differences were found in terms of presence of other risk factors frequently associated with toe walking, such as pre-term birth or complications during delivery. 41 However, our rates differ from those reported by other studies on toe walking (Fig. 2) , with higher rates of caesarean deliveries and lower rates of pre-term births. 4, 11, 14 Furthermore, some children displayed several risk factors, which represents a greater risk of deficiencies. 22 Interviews provided data on age of achievement of different neurodevelopmental milestones (sphincter control, crawling, walking, uttering words), which reflect behavioural factors associated with CNS maturation. According to Shulman et al., 2 toe walkers show delays in achieving some of these milestones; in our sample, however, toe walkers and controls achieved these milestones at similar ages (Table 2) and within the age range described in the literature. 4, 11, 14 Baby walkers are not recommended since they have been linked to accidents and alterations in musculoskeletal and neurological development. 42 Furthermore, they have been associated with persistent toe walking since they promote a gait pattern similar to that of toe walkers. 4, 14 In our study, no significant intergroup differences were found in the use of baby walkers (P = .347). Some 26.8% of toe walkers used baby walkers; this percentage is lower than those reported for other paediatric series of toe walkers (over 50%). 4, 42 Parent-reported signs of poor motor coordination (for example, frequent falls and poorer motor skills than their peers 11, 14, 21 ) were found in 59% of toe walkers; this percentage was significantly higher than that of controls and higher than the rate reported by other researchers (45% with poor balance). 4 Despite having poorer motor skills, which may have led to rejection of physical exercise, toe walkers in our sample did not exercise less frequently than controls (P = .088). 21 Regarding neurodevelopmental features, our controls obtained scores within the normal limits for the Spanish population; their scores were similar to those of controls in other studies. [23] [24] [25] The percentiles of toe walkers were significantly lower than those of controls in the scales assessing psychomotor function and memory, as well as in verbal, nonverbal, and overall development (Tables 2 and 3 ). These patients showed specific manifestations similar to those reported in other studies. 2, 19 To e walkers also scored moderately low in the scale assessing attention and displayed slightly lower-than-average percentiles in articulatory language and rhythm, and below the 60th percentile in language comprehension and visual perception. The deficits displayed by toe walkers in our sample may explain their poorer motor skills and affect crucial areas involved in learning and gait development. 29, [43] [44] [45] These deficits therefore support the hypothesis that toe walking is a manifestation of alterations in the neurocognition processes underlying motor perception and organisation, as well as a marker of developmental problems. 1, 15 Similar difficulties have been found in children with hyperactivity and MCD (deficits are more severe and tend to affect multiple domains in these children), 22 with extremely low birth weight, 24 from a poor socioeconomic environment, 34 and with school problems. 31 The neuropsychological features displayed by these children and toe walkers from our sample result in a heterogeneous profile. In these patients, performance is satisfactory in some areas, which may compensate for their deficits; however, these patients may also benefit from interventions specifically designed for these deficits. 22, 24, 25 This neuropsychological profile points to neurodevelopmental delays and underlines the need for close follow-up and neuropsychological training when difficulties persist or grow. Nevertheless, given that CUMANIN is a screening test, the probable presence of developmental alterations and the need for treatment must be assessed by specialists using specific tools. 22 Regarding laterality, which reflects cerebral organisation, 23, 46 the percentages of children displaying right-hand and right-eye dominance were similar in both groups and fell within the range reported by other authors. 23, 24 However, a significantly lower number of toe walkers displayed right-foot preference compared to controls (Fig. 3) and age-matched healthy children. 23 Although laterality is not completely established at such early ages as those of the children in our sample, 46 the fact that the percentage of right-foot preference was lower than that of right-hand preference in toe walkers may indicate delays in functional control inherent to CNS cephalocaudal development in these patients, 46 leading to an immature gait pattern. We also studied homogeneity of visual, manual, and foot laterality given that children with normal neuropsychological development have been found to display homogeneous laterality, whereas those with MCD usually show cross laterality or ambidexterity, which involves a greater risk of developing language disorders, learning problems, etc. 22 In our sample, 59.6% of toe walkers displayed homogeneous laterality vs 67.5% of controls; differences were not statistically significant (P = .068).
Conclusions
To e walkers in our sample frequently show a family history of toe walking and biological risk factors during the postpartum period. They also scored significantly lower on the neurodevelopmental assessment scales evaluating psychomotor function and memory, and verbal, non-verbal, and overall development. Likewise, they displayed foot laterality less frequently. Our results show that toe walkers have specific neurodevelopmental features, supporting the hypothesis that toe walking is a marker of developmental alterations. Longitudinal studies with larger sample sizes and a multidisciplinary approach are necessary to assess the progression of neuropsychological alterations and establish criteria for treatment indication in toe walkers. Furthermore, the connection between the multiple alterations displayed by toe walkers should be analysed to optimise clinical management in these patients.
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